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PART  II 


a.  Principal  Investigators:  Alan  J.  Heeger,  Fred  WudI  and  Paul  Smith 

b.  Current  telephone  number:  (805)  893-3184 

c.  Cognizant  ONR  Scientific  Officer:  Kenneth  J.  Wynne 

d.  Brief  description  of  project: 

This  is  an  interdisciplinary  project  focused  on  the  fundamental  chemistry,  physics  and 
materials  science  of  conducting  polymers  in  the  context  of  novel  electronic 
phenomena  associated  with  this  emerging  class  of  materials.  The  research  draws  upon 
and  utilizes  a  broad  base:  synthesis  and  characterization  of  new  conducting  polymors, 
processing  directed  toward  the  achievement  of  chain  oriented  and  chain  extended 
materials  with  a  goal  of  achieving  the  intrinsic  electronic  and  optical  properties,  and 
physical  measurements  directed  at  characterizing  these  electronic  and  optical 
properties  and  of  identifying  the  basic  physical  mechanisms  involved  in  these 
phenomena. 

e.  Significant  results  during  last  year: 

Polymer  light-emitting  diodes  (LEDs)  have  demonstrated  various  colors  (red.  yellow, 
green  and  blue)  with  impressive  efficiency,  brightness  and  uniformity.  Pulsed 
excitation  provides  important  new  information:  the  transient  on/off  response  will 
ultimately  limit  the  high  frequency  modulation  of  such  light  sources,  and  the  linearity  of 
light  intensity  vs.  current  to  high  injection  levels  will  determine  the  potential  of 
polymer  LEDs  in  applications  which  require  multiplexing  (e.g.  displays)  or  which  require 
high  levels  of  pumping  (e.g.  diode  lasers).  Transient  electroluminescence  from 
polymer  LEDs  have  now  been  carried  out:  RC  limited  response  is  observed,  with  rise 
and  fall  times  below  50  nsl.  With  low  duty-cycle  pulses  (0.5%)  the 
electroluminescence  intensity  remains  proportional  to  the  current  at  values  three 
1 000  times  greater  than  possible  with  dc  operation. 

f.  Brief  (100-200  words)  summary  of  plans  for  next  year's  work: 

We  will  continue  our  focus  on  light  emitting  diodes  fabricated  from  semiconducting 
polymers.  Synthesis  efforts  will  be  directed  toward  new  soluble  conjugated  polymers 
with  larger  energy  gaps:  i.e.  polymers  for  development  as  green  and  blue  emitters. 
Although  the  scientific  understanding  of  the  structure/property  relationships  that 
control  the  magnitude  of  the  energy  gap  is  well  developed,  the  structure/property 
relations  re  luminescence  efficient  is  less  clear.  Research  on  blends  will  receive 
greater  emphasis  since  initial  studies  have  demonstrated  to  us  that  dilution  in  glassy 
host  polymers  leads  to  higher  photoluminescence  efficiency.  The  question  will  be 
whether  one  can  create  a  percolated  (interconnected)  morphology  which  both 
injects/transports  the  charge  and  has  high  luminescence  efficiency.  Transient 
photoluminescence  decay  measurements  will  be  carried  out  on  soluble  conjugated 
polymers  in  solution,  in  gels  in  polyethylene,  and  in  solid  forms  to  evaluate  the  quantum 


efficiency  and  to  probe  competing  nonradiative  processes.  Our  productive  effort  on 
photoconductivity  (transient  and  steady  state)  will  continue.  Recent  instrumentation 
acquisitions,  resulting  in  improving  the  time  resolution  of  our  transient  measurement 
capability  by  two  orders  of  magnitude,  from  approximately  100  ps  to  approximately  1 
ps,  will  be  utilized  in  our  photoconductivity  studies  of  conducting  polymers. 

g.  List  of  names  of  graduate  students  and  post-doctorals  currently  working  on  the 
project: 


David  Braun 
Yong  Cao 
Kwanghee  Lee 
Reghu  Menon 
Daniel  Moses 
Chi  Zhang 
Kishan  Khemani 
Ruilian  Wu 
Kyo  Jun  Ihn 


Part  III 


Nanosecond  Transient 
Electroluminescence  from  Polymer 
Light  Emitting  Diodes 

Initial  results  from  semiconducting  polymers  employed  in  light- 
emitting  diodes  (LEDs)  have  demonstrated  various  colors  (red, 
yellow,  green  and  blue)  with  impressive  efficiency,  brightness,  and 
uniformity.  Flexible  light  en^  ng  structures,  which  take  unique 
advantage  of  the  processing  advantages  and  mechanical  properties 
of  polymers,  have  been  fabricated. 


Pulsed  excitation  provides  important  new  information: 

Transient  on/off  response  will  ultimately  limit  the  high 
frequency  modulation  of  such  light  sources. 

The  extension  of  the  light  intensity  vs.  current  characteristics  to 
high  injection  levels  will  determine  the  potential  of  polymer 
LEDs  in  applications  which  require  multiplexing  (e.g. 
displays)  or  which  require  high  levels  of  pumping  (e.g.  diode 
lasers). 


We  have  succeeded  with  the  first  nanosecond  time  scale  transient 
electroluminescence  (EL)  measurements  from  polymer  LEDs 
including  measurements  of  rise  and  fall  times,  pulsed  light 
intensity  vs  current,  and  pulsed  emission  spectra. 


Institute  for  Polymers  and  Organic  Solids 
University  of  California  at  Santa  Barbara 

Principal  investiigators 
Prof.  Alan  J.  Heeger 
Prof.  Paul  Smith 
Prof.  Fred  Wudl 


Decay  of  luminescence  intensity  following  the  falling  edge  of  an  applied 
square  voltage  pulse.  Inset  shows  the  side  view  of  the  device  geometry 
as  mounted  on  the  microstrip  line. 


Light  emission  vs.  current;  circles  represent  direct  current  response,  and 
squares  represent  the  response  to  a  0.5%  duty-cycle  square  pulse  with 
200  ps  period.  Under  pulsed  conditions  the  bnghtness  can  be  extended 
by  three  orders  of  magnitude  over  the  maximum  dc  level. 


Nanosecond  Transient 
Electroluminescence  from  Polymer 
Light  Emitting  Diodes 

(continued) 


Pulsed  operation  of  LEDs  made  from  a  soluble  semiconducting 
polymer  provides  important  information  on  the  transient 
behavior  of  the  electroluminescence  and  provides  evidence  that 
device  saturation  results  from  heating  at  high  current  densities. 

When  the  devices  are  mounted  on  a  microstrip  transmission  line, 
RC  limited  reponse  is  observed,  with  rise  and  fall  times  below 
50  ns! 


With  low  duty-cycle  pulses  (0.5%),  the  EL  intensity  remains 
proportional  to  the  current  up  to  10  A/cm2,  three  orders  of 
magnitude  greater  than  possible  under  direct  current 
operation. 

Device  switching  times  observed  in  this  work  compare  favorably 
with  commercially  available  visible  LEDs  made  from 
inorganic  materials. 

Operation  at  higher  current  densities  can  be  achieved  by  using 
lower  duty-cycles  and/or  improved  heat  sinking. 

Conclusions: 

High  frequency  modulation  of  such  light 
sources  is  certainly  possible. 

Polymer  LEDs  can  be  used  in  future 
applications  which  require  multiplexing 
(e.g.  displays)  or  which  require  high 
levels  of  pumping  (e.g.  diode  lasers). 


Paragraph  of  explanatory  text: 


The  device  geometry  is  displayed  in  the  inset  to  Figure  1.  The  light- 
emitting  diodes  consist  of  an  electron-injecting  metal  contact  on  the  front 
surface  of  a  poly(2-methoxy,5-(2’-ethyl-hexyloxy)-/7-phenylene  vinylene) 
[MEH-PPV]  film  on  a  glass  substrate;  the  latter  is  partially  coated  with  an 
indium-tin  oxide  [ITO]  electrode  as  the  hole-injecting  contact.  The  MEH- 
PPV  films  are  prepared  by  spin-casting  from  xylene  solutions  containing  0.5 
%  MEH-PPV  by  weight.  Metal  contacts  (250  A  of  Calcium  followed  by  1 200 
A  of  Aluminum)  are  deposited  on  top  of  the  polymer  films  by  vacuum 
evaporation  at  pressures  below  10'^  Torr.  All  processing  steps  are  carried 
out  in  a  nitrogen  atmosphere.  In  order  to  improve  the  frequency  response  of 
the  devices,  small  area  LEDs  were  prepared  and  mounted  onto  a  microstrip 
transmission  line.  Indium  solder  is  used  to  make  contact  between  the  device 
electrodes  and  the  gold  microstrip  line.  This  sophisticated  design  ensures  that 
circuit  elements  external  to  the  LED  do  not  limit  device  response.  The 
measurements  are  carried  out  at  room  temperature  with  the  LEDs  in  a 
vacuum  cryostat  at  pressures  below  lO'^  Torr. 


